Historically, the University of Mississippi School of Medicine administered all National Board of Medical Examiners subject examinations at the end of the third year of the medical curriculum, just before the comprehensive United States Medical Licensing Examination Step 2 Clinical Knowledge examination. Due in part to grading and accreditation concerns, subject examinations were moved in a phased fashion from the end of the year to the end of the clerkship associated with each subject examination; this research aims to determine the effect of this rescheduling. Multiple hierarchical regression was performed on Step 2 Clinical Knowledge examination scores by whether the subject examination was given at end-of-clerkship or end-of-year, while controlling for covariates known to affect examination performance. This analysis found that performance on the Step 2 Clinical Knowledge examination is not significantly affected by the scheduling of subject examinations. The benefits gained from moving the subject examinations from end-of-year to end-of-clerkship, such as timely feedback and compliance with accreditation standards, do not appear to come at the cost of decreased performance on the Step 2 Clinical Knowledge examination.
INTRODUCTION
The University of Mississippi Medical Center (UMMC) School of Medicine (SOM) educates and trains students through a four-year curriculum. In the third year of this curriculum, students progress asynchronously in groups through seven required clinical clerkships [1] . Also in the third year, students take both the National Board of Medical Examiners (NBME) subject examinations in the subject area of six of the clerkships and the comprehensive United States Medical Licensing Examination (USMLE) Step 2 Clinical Knowledge examination. These examinations are used in several important ways: calculating final clerkship grades (NBME) [2] [3] [4] , as a requirement for promotion (NBME) [3] , and as a requirement for graduation (USMLE) [3, 5, 6] . They are also both used heavily by residency program directors when evaluating residency applicants [2, [6] [7] [8] [9] [10] [11] .
Because of the significance of these examinations, SOM administration, faculty, and students all seek ways to improve performance on these examinations while simultaneously maximizing learning and maintaining compliance with accreditation standards. One such standard requires timely formative and summative feedback from faculty in courses and clerkships [12] .
Until recently, the UMMC SOM administered all NBME subject examinations at the end of the third year, just before the administration of the comprehensive USMLE Step 2 Clinical Knowledge examination. NBME subject examinations were moved in a phased fashion from the end of the third year to the end of the clerkship associated with each NBME subject examination (see Table 1 ). There are two primary reasons for this change: to allow more timely summative feedback that includes performance on the NBME subject examination and to raise NBME subject examination scores (based on the assumption that more knowledge will be retained with examinations administered immediately following the related clinical clerkship).
Studying the effects of this change is critical to determining whether it will have the intended results or an unintended result: negatively impacting the high stakes USMLE Step 2 Clinical Knowledge examination scores by eliminating the end-of-year NBME subject examinations which served as a required comprehensive review for the USMLE Step 2 Clinical Knowledge examination.
The purpose of this research is to determine the relationship between the scheduling of NBME subject examinations and performance on the United States Medical Licensing Examination (USMLE) Step 2 Clinical Knowledge examination. This research will also add to the base of knowledge in which there is currently a focused gap regarding the specific effect of scheduling of the NBME subject examinations on the performance on the USMLE Step 2 Clinical Knowledge examination.
There is existing literature that shows the relationship between clerkship scheduling and NBME subject examination performance [13] , the predictive relationship between NBME subject examination performance and USMLE Step 1 examination performance [14] , the predictive relationship between NBME subject examination performance and USMLE
Step 2 Clinical Knowledge examination performance, and how curriculum changes can affect performance on the NBME subject examinations [15] and the USMLE Step 2 Clinical Knowledge examination [16, 17] . However, there is a gap in knowledge about the specific effect of scheduling of the NBME subject examinations on USMLE Step 2 Clinical Knowledge examination scores.
The idea that scheduling of NBME subject examinations may affect examination performance is not a new one. Even the NBME acknowledges the effect of scheduling on examination performance [18] . In recent years, however, few studies have addressed this area specifically.
In general, the current state of knowledge shows that taking NBME subject examinations later in the year leads to higher scores [2, 5, 8, 19] . This is particularly true for the internal medicine clerkship that draws upon clinical knowledge acquired over a variety of clerkships [2] . In 2010, a study of over 2,000 medical students confirmed that clerkship order was a significant determinant of performance on NBME subject examinations, but did not find that clerkship order was a significant determinant of performance on the USMLE Step 2 Clinical Knowledge examination. Note that this study did not address whether NBME subject examination scheduling was a significant determinant of USMLE Step 2 Clinical Knowledge examination performance.
Since there is no requirement from the NBME about when NBME subject examinations must be administered, schools may administer them at the end of each clerkship [9, 20] , at the end of the semester, or at the end of the third year [2] . Like NBME subject examinations, USMLE Step 2 Clinical Knowledge examination performance is also subject to being affected by scheduling. It has been shown that students who take the USMLE Step 2 Clinical Knowledge examination soon after the end of the third year have higher average scores than students who delayed taking the examination into the fourth year [6] . It should be noted that one study showed the opposite: scores on the USMLE Step 2 Clinical Knowledge were higher when taken later in the year [21] . However, this study was flawed due to its small sample size, high failure rate, and use of sample USMLE examination questions rather than actual examination questions [6] .
There are other predictors of performance on the USMLE Step 2 Clinical Knowledge examination besides scheduling. Performance on premedical tests (MCAT), performance on preclinical standardized tests (USMLE Step 1 examination), and performance in clerkships (both NBME subject examination scores and final grades) are all predictive of performance on the USMLE Step 2 Clinical Knowledge examination [22] . In addition, race and gender can be predictive of performance on standardized examinations [23] [24] [25] [26] [27] .
Upon review of the literature, the significance of this research was further strengthened by the confirmation of the many effects of examination scheduling and other factors on student examination performance.
METHODS
This study employed data obtained from the UMMC SOM including matriculation year, USMLE identification number, race, gender, undergraduate grade point average (in biology, chemistry, physics, and mathematics), MCAT score, USMLE Step 1 score, USMLE Step 2 Clinical Knowledge score, and scores in six NBME subject examinations: family medicine, surgery, obstetrics and gynecology, medicine, pediatrics, and psychiatry. These data were collected for students enrolled in the third year during academic years 2007-2008, 2008-2009, 2009-2010, 2010-2011, and 2011-2012 . Because each of these groups is defined by no more than a one-year difference, oneyear variations are minimal and differences in the examined relationships are not expected.
Because this new research activity presented no more than minimal risk to human participants, the UMMC Institutional Review Board granted expedited review of the research protocol. The IRB defines minimal risk by as "the probability and magnitude of harm or discomfort anticipated in the research are not greater in and of themselves than those ordinarily encountered in daily life or during the performance of routine physical or psychological examinations or tests" [28] .
Sampling Procedures
In part because of this phased nature of the change in NBME subject examination scheduling, the convenience sampling method was chosen to select all medical students in the appropriate curricular year as the sample for this research. Additionally, this sampling method is common when analyzing all of a group of students at a single institution or school and also for detecting relationships among phenomena in a specific group, both of which are characteristics of this research. It is particularly useful to document that a particular phenomenon occurs within the group selected for the sample [29] .
Data Coding
In order to use a hierarchical multiple regression method (the primary statistical treatment to be discussed in the following section), categorical variables with more than two levels must be "dummy coded" in order to be meaningfully interpreted [30, 31] . In this research, only the race and scheduling group variables are categorical with more than two levels.
Preliminary Analyses
Standard descriptive statistical analyses were performed for each of the numerical dependent and independent variables. This analysis included minimum, maximum, mean, median, and standard deviation. A frequency distribution was performed for the demographic variables. Descriptive statistics for the scheduling group was not performed because though the values are numerical, they are nominal only.
Hierarchical multiple regression requires that the minimum ratio of cases to independent variables be 5:1 [32] . With an N of over 500, this sample size ratio of at least 125:1 easily accommodated the six independent variables (GPA, MCAT score, USMLE Step 1 score, scheduling group, race, and gender).
With the sample size requirement met, the assumptions for multiple regression must be met. There are many assumption violations for multiple regression, [33] but this study focused on validating three major assumptions: normality, linearity, and homogeneity of variance [32, 34] .
Once these three assumptions for regression of the preliminary analyses are met or the data are transformed, the primary analysis can then be performed. The primary analysis is described in the following section.
Primary Analysis
The primary statistical treatment for this research was hierarchical multiple regression. While researchers use a standard multiple regression to study the relationship between multiple independent variables and one dependent variable, researchers can use a hierarchical multiple regression to do the same while controlling for the effect of a separate set of independent variables on the dependent variable [32] . This model also accommodates the type of data used in this research: a continuous dependent variable with a mix of continuous and categorical independent variables. In hierarchical multiple regression, researchers enter the control independent variables or covariates into the model first (block 1), and then they enter the focus independent variables into the model (block 2) [35] .
In this research, the focus is to determine the relationship between NBME subject examination scheduling and performance on the USMLE step 2 Clinical Knowledge examination, but the literature suggests that other variables such as GPA, MCAT score, Step 1 score, race, and gender, may also affect performance. To ensure that these variables do not interfere with evaluating just the relationship between the scheduling of NBME subject examinations and the dependent variable (the USMLE Step 2 Clinical Knowledge examination score), the covariates, or control variables, are entered into the regression model first, as block 1. The focus independent variable (scheduling of NBME subject examinations) is then entered into the model in block 2. To examine the effect of scheduling and clerkship on the dependent variable and to account for the fact the hybrid group is non-randomized, we also examined interactions between NBME scores for the six subject areas and the three different scheduling groups. Findings were not significant and are not included in the tables.
The statistical model used for testing is shown in table 2 below: The output also has values for R, R 2 , and adjusted R 2 . Unique to hierarchical multiple regression, it is the change in R 2 after the addition of block 2 (focus independent variable) to block 1 (control independent variables) that is analyzed, rather than the R 2 value for the overall model with all variables entered [32] . This measure explains how much variation in the dependent variable(s) can be explained by variation of the independent variable(s). Table 4 displays the descriptive statistics for the independent variable, covariates, and the dependent variables.
RESULTS

Descriptive Statistics
Data Coding
In order to be appropriately included in the primary analysis (hierarchical multiple regression), the two categorical variables in this research that have more than two levels (race and scheduling group) must be "dummy coded." This method of coding allows the use of categorical predictor variables, using only ones and zeros to convey all of the necessary information about group membership [36] .
Preliminary Analyses
The correlations of each of the 11 variables were analyzed using Spearman correlation.
The three selected assumptions (normality, linearity, and homogeneity of variance) for hierarchical multiple regression were tested and were met so the primary analysis was performed.
Two common tests of normality are the KolmogorovSmirnov and Shapiro-Wilk tests. Because the ShapiroWilk test is more appropriate for small sample sizes (i.e., less than 50 subjects), in this research the Kolmogorov-Smirnov test was used [30, 37] . For this test, if the result is significant (p < 0.05), the data are not normally distributed. If the result is not significant (p > 0.05), the data are normally distributed and meet the assumption of normality. Table 5 shows that the results of the KolmogorovSmirnov tests for each variable was not significant as each was greater than 0.05. Only one variable, the NBME Surgery scores, had to be logarithmically transformed in order to meet the assumption of normality. *This variable was corrected through logarithmic transformation.The assumption of linearity was confirmed because the correlation analysis showed that the focus independent variable has a significant linear relationship to the dependent variables (see the shaded cells in Tables 6 and 6a ).
The assumption of homogeneity of variance was confirmed because the variance of the dependent variables within the population was found to be equal when using the Levene test. A p value of > 0.05 (unlike testing for significance when a p value of < 0.05 is important) validated this assumption (see Table 7 : Levene's test of equality of error variances).
Primary Analysis
With the preliminary analyses complete, the primary analysis (hierarchical multiple regression) was performed. Per the research design, variables were entered in two blocks with USMLE Step 2 Clinical Knowledge examination scores as the dependent variable. The results of the regression analysis are shown in table 8.
As the results indicate, the p value for both of the dummy coded NBME subject examination scheduling variables are greater than α of 0.05 so the null hypotheses is not rejected. Therefore, the scheduling of NBME subject examinations does not significantly affect performance on the scheduling of NBME subject examinations after controlling for GPA, MCAT score,
Step 1 score, race, and gender.
In addition to the results of the hypothesis test, the regression analysis also revealed other significant relationships between performance on the USMLE Step 2 examination and the other variables. In this model, GPA and Step 1 score had a positive significant relationship to on USMLE Step 2 examination score, while Gender had a negative significant relationship (since this variable was coded 1=female and 2=male, this means that females performed better than males on the USMLE Step 2 examination).
The results also included R 2 results. As shown in table 9, the R 2 values for the regression for block 1 and block 2 were not significantly different at 0.605 and 0.607, respectively. Since the focus of hierarchical multiple regression is the change in R 2 values between block 1 and block 2, this change of 0.002 further indicates that the scheduling of NBME subject examinations cannot significantly explain variation in performance on the USMLE Step 2 Clinical Knowledge examination. .388 Knowledge examination.
DISCUSSION
The major findings of this research suggest that there were not significant differences in USMLE Step 2 Clinical Knowledge scores based on when NBME subject examinations were scheduled, while controlling for covariates. This means that the benefits gained from moving the NBME subject examinations from end-of-year to end-of-clerkship, such as timely feedback and compliance with accreditation standards, do not appear to come at the cost of decreased performance on the USMLE Step 2 Clinical Knowledge examination.
Limitations
For both the USMLE Step 2 Clinical Knowledge examination and NBME subject examinations, the testing format moved from written to 100% computerbased testing during the period for which data were analyzed in this research. Although the NBME purports to have controlled for any risk or benefit to the student caused by this transition, this is another potential source of influence on the findings.
Another limitation could potentially exist because of student choice. Because students have some control over the scheduling of the order of their third year clerkships, personal characteristics may preferentially influence these selections, but should be minimized by the initial random assignment to third year student groups.
Generalizability
The results of this research may be of interest to international medical educators whose curricula are similar to the one described here. Recent research has shown that examination content, including NBME and USMLE content, that is used in the United States still applies outside the United States.
In 2010, a collaboration between the National Board of Medical Examiners and four schools in the United Kingdom demonstrated that examination items on the USMLE Step 2 Clinical Knowledge examination are adaptable and can be localized to international medical schools. [38] Additionally, research has also shown that general testing methodologies and understandings of Western medical education are also applicable in other countries such as Germany, Italy, South Africa, and the Netherlands [39] [40] [41] [42] [43] , and even in resource-poor countries such as Mozambique [44] . Once cultural and language difference are taken into account, the testing methodologies utilized for the USMLE Step 2 Clinical Knowledge examination and the NBME subject examinations are valid and applicable across the world [45] . 
Future research
Because 2011-2012 is only the first academic year during which all NBME subject examinations are administered at end-of-clerkship, the analysis and comparison of scores should continue in future years to further study the effect of scheduling on performance and to determine if the trends described in this chapter continue. Also because 2011-2012 is only the first academic year during which all NBME subject examinations are administered at end-of-clerkship, the UMMC SOM had not yet fully encountered the wellknown challenge of clerkship scheduling bias. Now, because NBME subject examinations have been moved to end-of-clerkship, further study on the effects of clerkship timing specifically for UMMC SOM students may be warranted.
Regardless of the results of this research, the focus of medical education researchers is the student. Providing a high-quality, appropriate curriculum with associated accurate, valid, and unbiased assessment tools is the obligation of any school of medicine. Constant, indepth inquiry into medical education practices, such as this research, is essential to meet this obligation to students. 
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